The proto-oncogene (MPL) gen encodes the receptor for thrombopoietin (TPO-R), a member of hematopoietic receptor superfamily. Thrombopoietin (TPO), the primary cytokine regulating self-renewal of hematopoietic stem cells, thrombopoiesis and megakaryocytopoiesis. TPO binding to TPO-R induces activation of Janus Kinase 2 (JAK2). Activated JAK2 triggers the activation of downstream positive signaling pathways, leading to the survival, proliferation, and differentiation of hematopoietic cells. Mutations in MPL gene possibly will alter the normal regulatory mechanisms. Numerous MPL mutations have been observed in various hematopoietic cancers such as essential thrombocythemia and primary myelofibrosis and leukemias. In this study, we performed a comprehensive in silico analysis of the functional and structural impact of non-synonymous (nsSNP) that are deleterious to TPO-R structure and function. Methodology: The data on human MPL gene was retrieved from dbSNP/NCBI. Nine prediction algorithms; SIFT, Polyphen, PROVEAN, SNAP2, Condel, PhD-SNP, I-Mutant, Mutpred. RaptorX and Chimera were used to analyzing the effect of nsSNPs on functions and structure of the TPO-R. STRING and KEGG database were used for TPO-R protein-protein interaction.
Introduction
Essential thrombocythemia (ET) is one of the myeloproliferative neoplasms (MPNs), characterized by a clonal expansion of megakaryocytes, genomic instability, dysregulated signaling pathways and subsequent overproduction of inflammatory markers [1] [2] [3] . MPNs patients have the potential to transform into acute myeloid leukemia (AML) or myelodysplastic syndrome (MDS) [4, 5] . The most frequent genes involved are JAK2, Calreticulin (CALR) and myeloproliferative leukemia virus oncogene (MPL) mutations of ET patients [6] [7] [8] .
Here, we predict the influence of various SNPs in MPL gene use in silico tools predict the influence of missense variants in the MPL genes.
The human myeloproliferative leukemia virus proto-oncogene (MPL) gene, a cellular homologue of the oncogene v-mpl, belongs to the haematopoietic receptor superfamily, located on chromosome one (1p34.2) composed of 12 exons [9, 10] . The protein encoded by MPL gene, Thrombopoietin receptor (TPO-R), cytokine receptor superfamily, is a 95 kD has an amino acid length of 635 consists of four functional domains, including putative signal peptide, extracellular domain, transmembrane domain and the intracellular domain [11, 12] . The extracellular domain (ECD) it is composed of two adjacent pairs of fibronectin-III (FNIII)-like domains known as a cytokine receptor module (CRM) forms the interface for cytokine binding [12] . The transmembrane domain (TMD) is a helical section of the receptor that anchors it to the cell surface that anchors it to the cell surface [12] .
The cytoplasmic domain, likely largely unstructured, binds JAKs and signal transduction [12] .
The endogenous ligand for TPO-R (thrombopoietin-Tpo) is the primary cytokine regulating megakaryocytopoiesis, thrombopoiesis and self-renewal of haematopoietic stem cells, as reflected by expression of the TPO-R on megakaryocytes, platelets and hematopoietic progenitors [13] [14] [15] .
TPO-R lacks intrinsic kinase activity and utilizes the Janus kinase (JAK) protein family to transduce a signal from the extracellular cytokine to the nucleus within the cell. JAK2 associated with the cytoplasmic domain of TPO-R and get activated by phosphorylation upon TPO signaling. Consequently, the activated JAKs phosphorylate the receptor and the signal transducer itself, prompts the activation of downstream positive signaling pathways, including JAK-STAT and mitogen-activated protein kinase (MAPK) and phosphatidylinositol-3 kinase (PI3K) pathways [16] , leading to the survival, proliferation, and differentiation of hematopoietic cells [17, 18] .
Mutations in MPL gene could alter the normal controlling mechanisms; some may cause an independent activation of TPO-R and the development of thrombocytosis refractory anaemia with ringed sideroblasts associated with marked thrombocytosis (RARS-t) and myeloproliferative neoplasms (MPNs) [19] , while other types of mutations result in a complete or partial loss of TPO-R function, thus leading to thrombocytopenia congenital amegakaryocytic thrombocytopenia (CAMT) [20] .
In the present study we aimed to determine the influence of various SNPs in MPL gene using in silico prediction software and assessing the effect of these SNPs on the structure and function of TPO-R protein that may have an important role in disease susceptibility.
2.Material and method

Retrieval of SNP ids:
The data on human MPL gene (Gene ID: 4352) was retrieved from the Entrez Gene databases from National Center for Biological Information (NCBI) database on 13 March 2019. The MPL protein sequence (accession ID: P40238 ) and SNPs information of the MPL gene were obtained from UniProtKB databases (http://www.uniprot.org) and NCBI dbSNP (http://www.ncbi.nlm.nih.gov/snp/) respectively.
Sequence homology-based prediction of deleterious nsSNPs by using SIF
SIFT Sorting intolerant from tolerant server was used to identify the tolerated and deleterious SNPs. The effect of amino acid substitution on protein structure was assessed on the basis of degree of conservation of amino acids using sequence homology Substitution of an amino acid at each position with probability < 0.05 is predicted to be deleterious and intolerant, while probability ≥ 0.05 is considered as tolerant, nsSNPs within dbSNP retrieved data were selected as an input for SIFT (http://siftdna.org/www/SIFT_dbSNP.html) [21] .
3 Prediction of Functional effect of non synonymous SNP by Provean
PROVEAN (Protein Variation Effect Analyzer; http://provean.jcvi.org/index.php) is used to predict the possible impact of a substituted amino acid and indels on protein structure and biological function. It analyses the nsSNPs as deleterious or natural, if the final score was below the threshold score of −2.5 were considered deleterious; scores above this threshold were considered neutral [22] . The input query is a protein FASTA sequence along with amino acid substitutions
4 Functional significance of substitution by Polyphen2
Polyphen -2 (polymorphism and phenotype; http://genetics.bwh.harvard.edu/pph2/) server was used to predict the functional impact of amino acid substitution on protein structure and function based on sequence based characterization. The Prediction outcome was obtained in the form of probability score which classifies the variations as 'probably damaging', 'possibly damaging' and 'benign' [23] . UniProt protein accession ID P40238 along with position and name of wild type and variant amino acids of screened nsSNPs were submitted as query.
SNAP2
(Screening of Non-Acceptable Polymorphism 2; https://rostlab.org/services/snap2web/) is a tool, developed based on a neural network classification method which is freely available. It predicts the effect of nsSNPs on protein function [24] . The input query submitted is the protein FASTA sequence and lists of mutants which provided scores of each substitution that can then be translated into binary predictions neutral or nonneutral effect natural.
2.6
Condel (CONsensus  DELeteriousness  score  of  missense  SNVs; http://bbglab.irbbarcelona.org/fannsdb/query/ condel). Condel is a method, used assess the outcome of nonsynonymous SNVs, via applying a CONsensus DELeteriousness score that combines various tools. It computes a weighted approach of missense mutations from the complementary cumulative distributions of scores of deleterious and neutral mutations [25] . The input query submitted is the Ensembl Protein Id ENST00000372470 along with the position and name of wild type and variant amino acids of screened nsSNPs.
Prediction of Disease Associated SNPs by PhD SNP
PhD-SNP (Predictor of human Deleterious Single Nucleotide Polymorphisms; http://snps.biofold.org/phd-snp/ phd-snp.html) web server was used to predict if a given single point protein mutation can be classified as a disease-related or as neutral polymorphism. This server was mainly based on the support vector machines which an corroborate all the information regarding variations from the existing databases [26] . The input FASTA sequences of protein along with the residues change were submitted to PhD-SNP server for the analysis.
Prediction of nsSNPs Impact on the Protein Stability by I-Mutant2.0
I-Mutant2.0 is a tool used for prediction of changes in protein stability due to single site mutations under different conditions (http://gpcr.biocomp.unibo.it/cgi/predictors/ I-Mutant2.0/I-Mutant2.0.cgi). It is a web server based on support vector machine which worked on dataset derived from Protherm, a database of experimental records on protein mutations. It can predict the stability changes in protein with 80% accuracy based on its structure and with 77% of accuracy based on its sequence [27] . The input can be submitted as either in the form of protein sequence or on a structure basis. For the present study, input was submitted in the form of protein FASTA sequence.
Identification of Functional SNPs in Conserved Regions by ConSurf
Conserve (https://consurf.tau.ac.il) web-server calculates the evolutionary conservation of amino acid substitution in proteins [28] . Consurf gives the output in the form of score where score 9 represent the most conserved and 1 represent the highly variable amino acid.
Analyzing the Effect of nsSNPs on Physiochemical Properties by Mutpred
Mutpred was used to predict structural and functional changes as a consequence of amino acid substitution.
(http://mutpred.mutdb.org/). These changes were expressed as probabilities of gain or loss of structure and function. In addition, it predicts molecular cause of disease. The MutPred output contains a general score (g), i.e., the probability that the AAS is deleterious/ disease-associated and top five property scores (p), where p is the Pvalue that certain structural and functional properties are impacted. A missense mutation with a MutPred (g) score > 0.5 could be considered as "harmful," while a (g) score > 0.75 should be considered a high confidence "harmful" prediction [29] . The input was submitted in the form of protein FASTA sequence along with amino acid substitution
Prediction of structural effect of point mutation on the protein sequence using Project HOPE
HOPE, Have Our Protein Explained (HOPE; http://www.cmbi.ru.nl/hope/home) is an easy-to-use web service that analyzes the structural effects of a point mutation in a protein sequence. FASTA sequence of whole protein and selection of mutant variants were submitted to project hope server. HOPE server predicts the output in the form of structural variation between mutant and wild type residues [30] .
Homology modelling using RaptorX and UCSF Chimera
RaptorX (http://raptorx.uchicago.edu/StructurePrediction/predict/), a protein structure prediction server, predicts 3D structures for protein sequences lacking close homologs in the Protein Data Bank (PDB). RaptorX uses a nonlinear scoring function to combine homologous information with structural information for a given protein Sequence [31] . FASTA protein sequence was submitted to RaptorX server to get the model as PDB file. The resultant PDB files was opened using Chimera program which was used to visualize the PDB structure. UCSF Chimera (http://www.cgl.ucsf.edu/chimera). UCSF Chimera is a highly extensible program for interactive visualization and analysis of molecular structures and related data, and hence modifies the original amino acid with the mutated one to see the impact that can be produced [32] . The outcome is then a graphic model depicting the mutation.
Prediction of Genetic and Protein Interactions by STRING and KEGG
Protein-protein interactions are important to assess all functional interactions among cell proteins.
STRING (Search Tool for the Retrieval of Interacting Genes/Proteins; https://string-db.org/) [33] . The STRING database gives a protein-protein interaction either it is direct or indirect associations. The input option we use is the protein name and the organism. KEGG (Kyoto Encyclopedia of Genes and Genomes;
http://www.genome.jp/kegg/) [34] is a knowledge base for systematic analysis of gene functions in terms of the networks of genes and molecules, including metabolic pathways, regulatory pathways, and molecular complexes for biological systems. 
Results
SNP Dataset from dbSNP
Prediction of Functional Mutations
A total number of 445 nsSNPs MPL gene were submitted as batch to the SIFT program. According to our SIFT analysis predicted, 41 SNPs were predicted to be deleterious, 32 SNPs were predicted to be tolerated and 371 nsSNPs were not found.
Our PROVEAN analysis predicted that 7 nsSNPs were deleterious and 34 nsSNPs were neutral. Polyphen-2 results analysis predicted that 24 nsSNPs were probably damaging, whereas 8 nsSNPs were predicted to be 'possibly damaging' and the remaining 9 nsSNPs was categorized as benign. The SNAP2 Analyzer predicted that 22 nsSNPs were affected the function of protein and 19 nsSNPs were neutral. CONDEL analysis showed that 31
SNPs were predicted to be deleterious, 10 SNPs were predicted to be neutral. PhD-SNP predicted 23 nsSNPs were neutral and 18 nsSNP to be associated with disease (Table 1) .
Because each computational method uses different parameters to evaluate the nsSNPs, concordance was done. A total of 5 substitutions (D295G, R257C, Y252H, R537W and D128Y) were found to deleterious by all the algorithms used in the study 
3 Prediction of nsSNPs Impact on the Protein Stability by I-Mutant2.0
The prediction of stability changes of selected 5 nsSNPs by I-Mutant 2.0 is given in Table 2 . All SNPs were predicted to decrease effective stability of the TPO-R. 
4 Analysis of Conservation profile
ConSurf analysis predicted D128 to be exposed and conserved residue, D295, R257 and R537 and are exposed and highly conserved residue, i.e., a functional residue, which suggests that these positions are important for the TPO-R function. ConSurf analysis also predicted Y252 to be buried and conserved residue, i.e., a structural residue ( Table 3 , Fig. 1 ). Highly conserved Functional Exposed Y252
Highly conserved Structural Buried R537
Highly conserved Functional Exposed D128 Conserved -Exposed 
Analyzing the Effect of nsSNPs on Physiochemical Properties Mutpred
MutPred result showed (R257C, Y252H and R537W) were highly harmful , D295G and D128Y were harmful.
The top possible molecular mechanism disrupted were predicted; loss of sheet (P = 0.0817) for the mutation D295G, loss of disorder (P = 0.0414) for the mutation R257C, gain of disorder (P = 0.0223) for the mutation Y252H and gain of catalytic residue at R537 (P = 0.1186) for the mutation R537W, gain of phosphorylation at D128 (P = 0.054) for the mutation D128Y. Table 4 summarizes the result obtained from MutPred server. 
Analyzing the structural effect of point mutation on the protein sequence
The project HOPE was used to investigate the structural effects of these amino acid substitutions. Its results showed that D295G, R257C, Y252H and R537W are highly conserved and their substitutions are probably damaging to the protein structure. For example, the D128Y was changes to amino acid bigger than the residue in wild type while D295G, R257C, Y252H and R537W were changes to smaller amino acid. D295G, R257C, R537W and D128Y resulted in change in the net charge of TPO-R (Table 5 ). It is known that protein charge and mass affect spatio-temporal dynamics of protein-protein interaction; hence, these changes could alter the ability of TPO-R to interact the other proteins and cytokines. 
Residue
Structure Properties
D295G
 The mutant residue is smaller than the wild-type residue.
 The wild-type residue is charged negative; the mutant residue is charged neutral.
 The mutant residue is more hydrophobic than the wild-type residue.
 Domain: immunoglobulin-like fold " (IPR013783). .
R257C
 The wild-type residue is charged positive; the mutant residue is charged neutral.
 Domains: "immunoglobulin-like fold " (IPR013783), "fibronectin type Iii " (IPR003961), and fibronectin type Iii Superfamily (IPR036116).

Y252H
 The wild-type residue is more hydrophobic than the mutant residue.
 Domains: "Immunoglobulin-Like Fold " (IPR013783) "Fibronectin Type Iii " (IPR003961),and Fibronectin Type Iii Superfamily (IPR036116) .
R537W
 The mutant residue is smaller than the wild-type residue .
D128Y
 The mutant residue is bigger than the wild-type residue.
 Domains "immunoglobulin-like fold " (IPR013783), growth hormone/erythropoietin receptor, ligand binding (IPR015152) and fibronectin type Iii superfamily (IPR036116).
Modeling amino acid substitution
Due to the unavailability of the crystallized structure of TPO-R in RCSB Protein Data Bank, the structure of TPO-R was predicted by using the RaptorX server. The 3D analysis of wild type and mutant protein structures was performed by using UCSF Chimera (Figure 2-6 ). 
Protein-protein interaction network analysis:
STRING analysis revealed that MPL has strong interactions with 10 proteins including, GRB2, IL3, JAK2, PIK3CA, STAT3, STAT5A and STAT5B (Fig. 7) .
KEGG is a unique database source to simulate the functional networking of TPO-R in the form of molecular reaction and interaction networks, including metabolic pathways. KEGG showed the signaling transduction 
Discussion
The current study undertakes a systematic in silico approach to screen the of functional mutation in human MPL gene for a better understanding of how do these mutations affect the protein function and structure and hence promote a disease.
On this in silico approach we select SIFT, Polyphen, PROVEAN, SNAP2, Condel, PhD-SNP, I-Mutant for the screening of functional mutation in MPL gene. By comparing the scores of all 6 methods, 5 nsSNPs with positions D295G, R257C, Y252H, R537W and D128Ywere found to be highly deleterious and decrease effective stability of the TPO-R.
The common physiochemical consequence of this nsSNPs were alteration in charge, size and hydrophobicity between wild-type and mutant residues which might lead to loss of interactions with other molecules and loss of hydrogen bonds in the core of the protein and as a result disturb correct folding.
The majority of post translational modifications effects this nsSNPs were altered disorderness in protein structure, gain or loss of catalytic residue, gain or loss of MoRF activity, alteration in phosphorylation sites and, gain of methylation, ubiquitination and glycosylation.
If the mutation predicted to altered disorderness in protein structure, the mutation will have considered likely to cause disease [35] . The five most frequent mutations (R→W, R→C, E→K, R→H, R→Q) collectively accounting for 44% of all deleterious disorder-to-order transitions [36] . Altered protein disorder was observed for substitution D295G, R257C, Y252H, R537W and D128Y.
Catalytic residues are defined as amino acid residues directly involved in the chemistry of catalysis contributing to substrate binding and protein stability [37] . Therefore, the gain of catalytic residues may change the rate of enzymatic activity and catalytic reaction. There is an evidence in the literature suggest that the loss and the gain of catalytic residues, may be actively involved in human-inherited disease [38] . Gain of catalytic residue was observed for substitutions R257C, Y252H and R537W.
Molecular recognition features (MoRFs) are short interaction prone segments intrinsically disordered regions (IDPs) in proteins sequences that fold upon binding to their interaction partners [39] . MoRFs are involved in protein-protein interactions, which serve as the initial step in molecular recognition and binding functions [40] .
Intrinsically disordered proteins (IDPs) have been implicated in a number of human diseases, including cancer, diabetes and neurodegenerative [41] [42] [43] . Loss of MoRF binding activity was observed for substitution R537W, gain of MoRF binding activity was observed for substitution D128Y
Phosphorylation of proteins is an important regulatory mechanism as it acts as their molecular switch to perform various functions such as proliferation, apoptosis ,regulation of metabolism, activating some proteins and deactivating others, and during signal transduction pathways [44] . Variation in the phosphorylation sites can change the enzymatic activity of a protein, disrupt the interactions between two or more proteins ,changing the subcellular location of the phosphorylated protein [45] . There is an evidence in the literature that both gain and loss of a phosphorylation site may represent a molecular cause of disease for a number of inherited and somatic mutations [46, 47] . Loss of phosphorylation was observed for substitution R257C, gain of phosphorylation was observed for substitution D128Y.
Ubiquitylation is a post translational modifications which regulates several cellular mechanism such as protein degradation , cell cycle division, the immune response [48, 49] . Variation in the ubiquitination sites affects the degradation, alters cellular location of proteins, changes the protein activity, and alters protein interactions [50, 51] . The abnormality of ubiquitylation is linked to human pathologies varying from inflammatory neurodegenerative diseases to different forms of cancers [52, 53] . Gain of ubiquitination was observed for substitution D295G making the region prone to degradation.
Protein methylation is post translational modifications mechanism plays role in the epigenetic control of gene expression, genome stability, signaling pathways and regulation of protein-protein interactions. [54, 55] .
Numerous studies reported that Methylated proteins, are involved in several human such as cancer [56, 57] Gain of glycosylation was observed for substitution D295G.
Protein glycosylation is acknowledged as one of the major post-translational modifications, with significant effects on protein folding, conformation, distribution, stability and enzyme activity [58, 59] . Alterations in glycosylation are common in lung and brain cancer and are thought to contribute to disease [60, 61] . Gain of glycosylation was observed for substitution D128Y.
Here we present the results upon each residue and discuss the conformational variations. As predicted by Mutpred, this substitution resulted in loss of sheet, loss of stability and loss of solvent accessibility but generate sites for ubiquitination and methylation. Based on conservation scores, D295is a highly conserved and exposed residue, this mutation thus making the TPO-R dysfunctional. Based on conservation scores, R257is a highly conserved and exposed residue. This mutation is probably leading to the loss of activity of TPO-R.
rs141311765 (Y252H) this mutation resulted in a change of the tyrosine to histidine at position 252. The histidine residue is smaller and less hydrophobic than the tyrosine residue, this might lead to loss of hydrophobic interactions in the core of the protein .This residue is part of an interpret domains named "Immunoglobulin-Like Fold " (IPR013783) "Fibronectin Type Iii " (IPR003961),and Fibronectin Type Iii Superfamily (IPR036116)
.The last two domains are annotated with the following Gene-Ontology (GO) terms to indicate its function:
Protein Binding (GO:0005515)and Molecular Function (GO:0003674). Y252H mutation might disturb this function. This substitution also results in gain of protein disorder and gain of sheet but results in loss of stability and loss of loop. Moreover, this substitution also results in gain of catalytic residue at L254. Based on conservation scores, Y252 is a highly conserved and buried in the core of TPO-R, thus this mutation is probably disrupting structure of the TPO-R. A literature search revealed that Y252H has been shown to increase the thrombopoietin sensitive and associated with Essential thrombocythemia [62] .
rs148784027 (R537W) this substitution resulted in change of arginine (basic amino acid) to tryptophan (a nonpolar aromatic amino acid). The arginine residue charge was positive; the tryptophan residue charge is neutral.
The mutant residue is bigger and more hydrophobic this might. By loss of arginine, MoRF binding activity was found to be lost. It also leads to gain of catalytic activity at R537 residue but loss of disorder, loss of sheet and loss of solvent accessibility. Based on conservation scores, R537 highly conserved and exposed, this mutation is probably damaging to the TPO-R.
rs201101813 (D128Y) this mutation involves the substitution of aspartic acid into a tyrosine at position 128. the aspartic acid residue charge was negative. the charge of the buried wild-type residue is lost by this mutation. The tyrosine residue is bigger and more hydrophobic than aspartic acid residue. This residue is located within an interpret domains named "immunoglobulin-like fold " (IPR013783), growth hormone/erythropoietin receptor, ligand binding (IPR015152) and fibronectin type Iii superfamily (IPR036116). These domains are important for binding of other molecules. The D128Y mutation might disturb the interaction between these domains and as such affect the function of the protein. The majority of physiochemical properties of this substitution were gain of phosphorylation at D128, gain of glycosylation at P133 and gain of MoRF binding activity. Based on conservation scores, D128 is a conserved and exposed residue. This mutation hence making the TPO-R nonfunctional.
The main signaling networks downstream of Tpo/ TPO-R include the JAK-STAT, MAPK and PI3K-Akt pathways. These pathways control essential cellular processes like differentiation, proliferation, cell survival and apoptosis with well-established roles in the initiation and progression of hematologic malignancies [63] [64] [65] .
Interaction between the JAK-STAT pathway and PI3K-Akt signaling pathway has been reported in hematologic malignancies such as myeloid leukemia B-precursor ALL cells, leukemia and lymphoma [66, 67] .
Conclusions
Due to the importance of Tpo/TPO-R in survival, proliferation, and differentiation of hematopoietic cells, an extensive in silico analysis was performed to explore the potential effects of MPL genetic variants on functions and structure of TPO-R. Out of445 missense nsSNP, 5nsSNP were highly deleterious affect conserved positions and posttranslational modification sites of the TPO-R leading to loss or disturbance of internal and external interactions and ultimately loss of the function as well as the structure thereby, leading to diverse pathological conditions like low platelet levels, high serum TPO accompanies the thrombocytopenia. Four nsSNP rs113696793 (D295G) and rs121913611 (R257C) rs141311765 (Y252H) and rs201101813 (D128Y) lie in extracellular domain of TPO-R; therefore, these mutations may affect its binding to Tpo, subsequent probable disturb the Tpo/TPO-R downstream signaling pathways. One significant observation was the identification rs141311765 (Y252H), that has been shown to increase the thrombopoietin sensitive and associated with Essential thrombocythemia. The amino acid substitutions R537W residue is located within the cytoplasmic domain resulting in failure of signal transduction and JAKs binds JAKs and signal transduction. Furthermore, proteinprotein interaction pathway has helped us to understand the roles of Tpo/TPO-R signaling pathways in differentiation, proliferation, cell survival and apoptosis of hematopoietic cells.
